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PACKS

Stress 0021H Super 211 10/98] 50 | 20 10.9
Mission 0040P | SaftNi-Cd [40 ] 7/96 | 21 | 5 20.4
Mission 0045P | SaftNi-Cd|[ 40] 1/00 | 21 | 5 3.2
Mission | 0052T Super 50 ] 3/95 |144]10] 289
Mission | 0053T Super 505095 | 1710 279
Mission [ 6151T Super 50 6/96 | 25 | 10] 224
Mission | 6152T Super 50]6/96 | 17 1 0 24.6

Stress 3023T | EPI-CPV |23 [12/98| 60 | 10 10.4

Stress 30508 EPI 501 1/00 ] 60 | 10 4.1
Mission | 3050H EPI 50 110/95] 20 | 5 25.6
Mission | 3600H EPI 93 [ 1/92 | 11 | -5 42.7
Mission | 3601H EPI 93] 1/92 | 11 ]-5 42.2

Chart above shows packs cycling at Crane associated with GSFC flight
programs. There is a total of 12 project packs currently cycling. Nine of these
are mission simulation regimes and three are in a stress test regime.

Charging techniques vary for each pack and are listed below:

A. Constant current with a V/T toa C/D ratio then trickle charge.
B. Constant current with a V/T.

C. Constant current to specific voltage then trickle charge.
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DISCONTINUED PACKS

Stress 0042P | Saft Ni-Cd {40 | 7/97 | 40 | 20| 15.]
3/00

Stress 0043P | SaftNi-Cd | 40| 10/97 | 40 (20} 13.1
2/00

Mission | B300A Super 211 3/99 |pulse| 5 0.5
2/00

GEO GOES 1| Saft Ni-Cd | 12 | 10/95| 60 | 0 | Sh#10

REAL 7/00

Packs discontinued during FY00

There were 4 packs removed from testing in FY00

Pack B300A was an Image Project -- Super Ni-Cd -- Mission orbit -- 21Ah
60% DoD @ 0° C -- with 521 cycles at Shadow # 10

Pack 0043P and 0042 were a POES pmject -- SAFT Ni-Cd -- Stress test
regime -- 40Ah 40% DoD @ 20° C -- with 13,129 cycles.

Pack GOES 1 - real time GOES GEO profile
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Gates 12 Ah Ni-Cd, GOES Pack Goesl, S$°C , 60% DoD, lot 1
Shadow | thru § every 4cth shadow day, Charge voltages shown 18 prior to trip <o elc
Pack charges with V/L end trips on recharge velue of 120%
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Pack consisted of five 12 Ah cells from lot 5. These cells were
manufactured for the Geostationary Operational Environmental Satellite

(GOES) project.

The objective of this testing was to verify the integrity of these cells in a
real time GOES orbit. Particular attention is given to trends in the end-
of-discharge (EOD) voltage, end-of-charge (EOC) current, charge to
discharge ratios, and capacity degradation.

The cells were cycled according to a 42 day GEO 60% DoD real time
( two shadows per year) orbit at 5° C GEO cycling regime. They are
sequential recharge at .9 A (six minutes on, six minutes open circuit)
with V/T of 1.508 V to 120% of Ah out of previous discharge. Then
sequentially trickle charge at .3 A (six minutes on, 6 minutes open
circuit) with V/T of 1.508 V for remainder of the twenty-four hour cycle.
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B300OA Pulse test , Cycles 277 & 518 of Sun periods 1 & 2
1.1 amp cherge for 24 houte with V/T 5 voitage limit
and pulse dischacge § 5.1 emp every .8 sec for .2 mecol
Yavg Tmax ¥ain Cuxx

190 -8
i 577 1183 1720 2304 2880

Pack B300A consist of 21 Ah EPT cells. The test objective was to verify cell
lot quality by subjecting the cells to stress test conditions. This data may also
be used to develop on orbit battery maintenance and operation requirements of
the IMAGE mission.

The pack was cycling at 20° C; 90 minute orbit; constant current discharge of
32.0 + 0.05 A for 30 minutes; 40% DoD; and charged constant current of 32.0
+ 0.05 A with temperature compensated voltage (V/T 7) 1.454 V, for 60

minutes.

Life Cycling started in October 1997 and was discontinued per sponsor’s
request on 26 February 2000. The pack completed 521 cycles.
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NSWC Crane Pack ID 0040P 10 cells
Voluage/pressure /Recharge LOC/EOD Trend Plot 08/30/1996 - 10/03,2000
MFG: SAFT 40 A/H TEMF(C): 5 DOD (4 25 STRESS TEST
Yavy - Vmax - ¥ain

These 40 Ah Ni-Cd cells are contained in one pack consisting of ten
cells connected in series. These Lot 2 cells are designated with SAFT,
France part number VOS40AHBC.

The objective of this testing is to evaluate flight-worthiness for the
POES program in a simulated worst case LEO mission. Particular
attention is given to trends in the end-of-discharge (EOD) voltage, end-
of-charge (EOC) current, charge to discharge ratios, and capacity
degradation.

The pack is cycling according to these current test conditions.

5°C -- 90 minute orbit-- Constant current of 20.0 + 0.05 A for 30 minutes --
25% DoD -- Constant current of 20.0 + 0.05 A with temperature compensated

voltage (V/T 5) 1.438V, for 60 minutes.

Performance on Cycling Pack 0040P. Pack testing started in July,
1996. Initial Evaluation of cells was performed as pack 6556X and
6557X. Pack has completed 20.5K cycles.

13
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NSWC Crane Pack ID 0040P

Voltage/pressure /Recharge EOC/E0OD Trend Plot
40 A/H

MFG: SAFT TEMP(C): 5

Vavg

DOD(%): 25
© Vmax 4 Vnin
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08/30/1996 - 10/03/2000
STRESS TEST
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NSWC Crane

Pack ID 004CP

Voltage/pressure /Recharge EOC/EOD Trend Plot

MFG: SAFT 40 A/H
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NSWC Crane (XTE) Pack ID D052T 9 cells

Yoltage/preasure /Recharge EOC/Z0D Trend Plot a3/31/1995 - 09/28/2000
ArG: HUGHES 50 A/H TEMP(C): 10 DOD(%): 4.4 WMISSION ORBIT

Vavg ~ Vmex » Vain

wedbesciceq cuden

maranes » el laggig e A r i R L L iidcaaaanangaae
ass

ELLA] 6000 9000 12000 15000 16000 21000  240D0 27000 30000
Cyclau Humberx

These 50 Ah Super Ni-Cd cells are contained in one pack consisting of
nine cells connected in series. They were manufactured by Hughes
Aircraft Company (HAC) and Eagle-Picher Technologies. (EPT) for the
X-ray Timing Explorer (XTE) and the Tropical Rainfall Measuring
Mission programs. These lot 3 cells were manufactured at EPT to CS-
MCD-118 REV. D. They were activated with potassium hydroxide with
Hughes proprietary additives on November 29, 1994 and under went
both EPT and Hughes acceptance test.

The pack is cycling according to this current Mission profile. 10°C -- 90
minute orbit -- Constant current discharge of 12.0 £ 0.05 A for 30 minutes
during the eclipse duration -- 14.4% DoD -- Constant current charge of 12.0 £
0.05 A with temperature compensated voltage (V/T) level taper at V/T 6to a
recharge ratio of 103.5 +2%. Followed by a trickle charge at a rate of 0.50 =
0.02 A with V/T limit for the remainder of 60 minutes.

17



oaoog

000L2

ooot2

000Te

A qumnpy

o008t

000ST

3 TOoO &I

000¢

o002t Q006 0003
+ + 0o0°T

I8 zvz¥x _w¥¥uR
¥ ¥ uu«anumu«awumumummmn««a«ma«mnnu«un«nun«nu
ﬂﬂﬂ

O

™

-~
oA POdDUY

+0F° 1T
vov wn—
P ..qqqddqdddddd.dddﬂ,d.dﬂqﬂ_d.ﬂ ?RERRTV » ¥ TEYBYERHE +
ooommwwwwmowowommwammwwmvwwmoowooowwwwmwwwwwwwwwwwowwwquwu

F0S° T

+09°T

UTHA v XBUWA o Dasp

LIgd0 NOISSIH ¥ PT :(x)doa 0T :(2)dHILL H/Y 0§ SEHINH :94H
0002/82/60 - S66T/TE/E0 30T7d PUIIL J0d/I0d 3Baeyoay/aanssaad/a083T04

STTSO 6 LZG00 dI *ded (HLX) SUEID DMSN




81

I 2 qumnpy 3a 1T o0 &)

0000g gooLe ooorz 000t ooosT 000sST 00021 0006 0009 000t u}

aoT + 0

20T+ + 0T
s worf - - T { oz
5 1 T - il
. - - -
® 90T + ) - --- - + 0€
HH -+ - - _ - - Ill - -+ 2
a  goT{ e - - -~ 4or 1z
3 1 - B R R . . n
d - -7 - s

oTT ¢ - 1 0§ s
2 T b T El
u 21T+t T 09 I
2 1 | d
2
1 PIT + 1 0L
3 + 1
d 9TT ¢ + 08

8TT ¢+ 1 06

ozT+ + 007

byoys -
LIGI0 NOISSIMH T :({%)aoa 0T :(2)dH3IL H/Y 0S SIHONH :94H
0002/82/60 ~- S66T/TE/ED 207d PU2IL J0d/J0d 2RIABYDIY/anssaad/akeaToA
STT=2 6 LZG00 dI *oed (HLIX) [uean DOMSN




NSWC Crane (TRMM) Pack ID 0053T 4 cells
VYoltage/pressure/Rechacge ZOC/E0D Trend Plot 05/25/1995 - 09/13/2000
NTG: HUGHES 50 A/H TERP(C): O DOD(%): 17 RISSION ORBIT
Yavg - Vaex + Vmin

----------------------

0 3000 6000 s000 12000 15000  L8OGD 21000 24000 27000 30000
Cyclaw Huabecx

This battery was disassembled for removal of a shorted cell and other
cells with pontential plate corner bend defects(?).

The objective of this testing is to evaluate the performance of cells that
may have been subjected to elevated temperatures and extended
open-circuit stands during the SN 002 battery rework under cyclic test
conditions.

The pack is currently cycling according to these current stress profile.
0°C -- 90 minute orbit -- Constant current discharge of 20.0 = 0.05 A for 43
hrs during the eclipse duration -- 17% DoD -- Constant current charge of 16.0
+0.05 A with temperature compensated voltage (V/T) level taper at V/T 6 toa
recharge ratio of 101 +2%. Followed by a trickle charge at a rate of 0.50 +

0.02 A with V/T limit for the remainder of 60 minutes.

19
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NSWC Crane (TRMM) Pack ID 6151T 5 cells

Voliage/pressure/Recharge EOC/EOD Trend Plot 08/29/1996 - 09/10/2000
1 HUGHES 25

re
50 A/H TEMP(C): 10 DOD(R): MISSION ORBIT

Vavg ¢ Vasx + Van

FErRARARICIRliakt N arkissaTatsthannaalt

[ 3ocoo 6000 3000 12000 15000 18000 21000 24000 27000 30000
Cycilie ¥Fumbez
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These 50 Ah Super Ni-Cd cells are contained in one pack consisting of
five cells connected in series. They were manufactured by Hughes
Aircraft Company (HAC) and Eagle-Picher Technologies. (EPT) for the
Tropical Rainfall Measuring Mission programs.

This battery is currently baselined for EO-1 spacecraft.

The pack is currently cycling according to the worst case TRMM
MISSION profile conditions. 10°C -- 96 minute orbit -- Constant current
discharge of 21.0 + 0.05 A for 36 minutes during the eclipse duration -- 25%

DoD--Constant current charge of 30.0 + 0.05 A with temperature compensated
voltage (V/T) level taper at V/T 5 to a recharge ratio of 108 = 2%. Followed
by a trickle charge at a rate of 0.50 + 0.02 A with V/T limit for the remainder
of 60 minutes.

21
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NSWC Crane (TRMM) Pack ID €152T 5 cells
Voltage/preasure/Recharge EOC/EOD Trend Plot 07/02/1996 - 09/24/2000
HFG:  HUGHES S0 A/H TENP{C]: O DOD(x): L7 KISSION ORBIT
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The pack is currently cycling according to TRMM MISSION profile
conditions -- 0°C -- 96 minute orbit -- Constant current discharge of 20.0 +
0.05 A for 26 minutes during the eclipse duration -- 17% DoD -- Constant
current charge of 16.0 + 0.05 A with temperature compensated voltage (V/T)
level taper at V/T 5 to a recharge ratio of 108 £ 2%. Followed by a trickle
charge at a rate of 0.50 + 0.02 A with V/T limit for the remainder of 60
minutes.

23



¢c

0o0o00¢

ITa3aqunpy 3 T2 4&)

oooL? ooovr2 000TZ 0008T 000ST oooZt 0008 0005 000€ 0
+ 00T
+OT"T
* .
nna«uuaunu««««qq«qa«ua«uau«uu«uauaq«ﬂ«n««mqnuuauu«uuu«u +0Z2° T
+0E°T
+0¥°T

d«allﬁ«ﬁdiidlﬂladﬂdldﬂﬂﬂddﬂduﬂnldﬂtqﬂﬂﬂﬂﬂﬂa«tnﬂanda«qanﬁﬂga-k
+0S8°T
+09°T

UTHA v XBUWA o PaABp

LISd0 NOISSIH LT :(x)@odq 0 :(2)dNAL H/¥ 05 SAHONH :94H
0002/%2/60 - 966T/20/L0 30Td PUIAL J0d/30d 3HIRYsayg/3anesazd/3ReaToA

STT=° g LZGT9 dI oed (WWdL) SUurlil DOMSN

> OoHALP O DU




ve

I 9 qunpy @2 1T 92 &)

0000¢€ 000L2 ooowZ 0ooTZ 0008T 000ST 00021 0006 0009 0ooeE 0

00T + + + + + 0

20T + £ 0T
9 voT § B + 02
5 1 -- - _ }
I - - . -
e 90T t _ - - - - I 0t
u + - _ - . _ 4 =
5>  BOT{ h - T _ - -t oF I
E} | _ - - -7 2l n
d - - = g

01T ¢ -. =4 08 s
a i T 2
T ZTIT ¢+ 1 09 I
3 { L d
fa]
< PIT T+ + 0L
El T T
d 91T ¢ L 08

8TT ¢+ L 06

oztr+ ﬁ 00T

Byoys -
LIFGYd0 NOISSIH LT :(x)aoa 0 :(2)dudaL H/Y 0S SIHONH :94dH
0002/%2/60 - 966T/20/L0 20Td PUIL d0d/J0d 3DIeY0ay/3INes31d/30883T0A
sTT=O § LZST9 dI oed (lWWNdL) [urdD DMSN

INVHI

VISAVN




NSWC Crane (MAP) Pack ID 3023T 5 cells
Voltage/pressure /Recharge EOC/Z0D Trend Plot 12/05/1998 - 09/22/2000
MFG: EP CPY CELLS 23 A/M L0T-1 TENMP (C) ¢ 10 DEG DOD(N): 60
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Cells from battery for CLARK spacecraft
About 3 years of wet storage

STRESS TEST - The pack is currently cycling according to the following
conditions -- 10°C -- 90 minute orbit -- Constant current discharge of 28.0 +
0.05 A for 30 minutes -- 60% DoD -- Constant current charge of 19.0 = 0.05 A
with temperature compensated voltage (V/T) level taper at V/T 5 to a recharge
ratio of 108 + 2%. Followed by a trickle charge at a rate of 0.23 = 0.02 A with

V/T limit for the remainder of 60 minutes.
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NSWC Crane Pack ID 3050s 7 cells
Voltage/pressure /Recharge EOC/EOD Trend Plot 01/14/2000 - 09/30/2000
WFG: KPP 1PV CELLS 50 A/M TEMP(C)}: 10 DEG
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Cells from battery for LANDSAT spacecraft

About 3 years of wet storage

STRESS TEST - The pack is currently cycling according to the following
conditions -- 20°C -- 90 minute orbit -- Constant current discharge of 60.0 +
0.05 A for 30 minutes -- 60% DoD -- Constant current charge of 40.7 + 0.05 A
to a voltage limit o 1.54V per cell then trip at a recharge ratio of 108 + 2%.
Followed by a trickle charge for the remainder of 60 minutes.
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NSWC Crane Pack ID 3050H 6 cells
Voltage/pressure. /Recharge EOC/LOD Trend Plot 10/12/1995 - 09/07/2000
WFG: EPI 50 A/M TERP(L}: § DOD(N);: 20 FOR LANDSAT 7 SPACECRAFT
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These 50 Ah Nickel Hydrogen cells are contained in one pack
consisting of six cells connected in series. They were manufactured by
Eagle-Picher Tech. and are identified with part number RNH-50-55 Lot
1. Pack 3050H consists of SN'S 36, 1, 56, 11, 21, and 61. Cells 36
and 56 have strain gages.

This testing is to characterize cells from this lot and to life test the cells
in a simulated LANDSAT 7 mission profile.

The pack is cycling according to these current LANDSAT 7 profile
conditions. 5°C -- 100 minute orbit -- Constant current discharge of 17.6 +
0.05 A for 34 minutes during the eclipse duration -- 20% DoD -- Constant

current charge of 13.0 = 0.05 A with temperature compensated voltage (V/T)
level taper at 1.500 V to a recharge ratio of 105 =2%. F ollowed by a trickle

charge at a rate of 0.85 + 0.02 A with V/T limit for the remainder of 60
minutes.
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NSWC Crane (HST) Pack ID 3600H 5 cells
Voltage/pressure /Recharge EOC/EOD Trend Flot 0671471992 - 09/07/2000
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The ten cells used in these two packs were manufactured by Eagle-
Picher Technologies, Inc. for the Hubble Space Telescope (HST) project
and are from the Flight Module 1(FM1) and Flight Module 2(FM2) lots.
The cells are connected in series. The cells from pack 3600H are from
lot FM1 with the serial numbers of 308, 312, 315, 320, 323. The cells
from pack 3601H are from lot FM2 with the serial numbers of 413, 414,
416, 417, 418. The cells from pack 3600H had been placed in cold
storage before testing. The cells from pack 3601H are from the same lot
as the cells that have been in orbit on the HST spacecraft since April 24,
1990.

This testing is to evaluate the effects of realtime aging on the
performance under HST mission operation.

The cycling of the packs currently is being done according to the
following regime. -5 + 5°C -- 94-97 minute orbit -- Constant current discharge
of 13 A during the eclipse duration -- DoD varies with eclipse duration. (6-9%)
-- Constant current charge of 13.3 A toa temperature compensated voltage level
and then step to trickle charge at a rate of 1.3 A for the sun duration.
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